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FOREWORD 

The meteor photographs which form the Liaic material of this report were taken at 
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for the Office of Naval Research. The measurement and reduction of the plates aid the 
analysis of the resulting data was done at the Numerical Analysis Laboratory (formerly 
Center of Analysis) of the Massachusetts Institute of Technology under Tasks D and I 
of NOrd 85SS and of NOrd 10455 and Task A of NOrd 104S5 for the U.S. Naval Bureau of i 
Ordnance,  and now under DA-19-020-ORD 1093 of the Office of Ordnance Research, U.S. 
Army. 
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Irwiri Leviu* 14L  Qunther Schwartz (6), Harlan J.  Smith (4), I 
Henry J. S»th (2).   " "     
Plate inspectors in New Mexico: Catherine Carroll (29-), Juanita Engle (7). [ 

b) At the M.I.T. Numerical Analysis Laboratory: 

Zdenek Kopal, Director of the M.I.T. Numerical Analysis Laboratory and Prriect 
Director until June 1951. 
Luigi G. Jacchia, Project Supervisor until June 1951; Director of the M.I.T. 
Numerical Analysis Laboratory and Project Director after July 1951. 

Computers: Virginia K. Brenton, Robert E. Briggs, Jeannie R. B. Carnichae), 
Francis G. Davoien, Diana H. Mason, Laurelle B. Parrotta, Dorothy T. Pemberton, 
Louise Richardson, Martha B. Shapley. 

Occasional Computers: Mary H. Baker, David D. Brown, Carolyn S. Littlejohn, 
Helen M. Pillans, Anita Porell, Sidney Shapiro, Charlotte G. Treuenfels. 
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Most of the computations involved in the present report were performed by Mr. 
Briggs, Miss Carnichael and Miss Pemberton. 

Much of the information concerning the first fifteen Massachusetts meteors (Table 
II) was supplied by Dr. F. L. Miipple, who had reduced them before the inception of 
the present project. 



ABSTRACT 

Velocities, accelerations rnd integrated luminosities were determined on photographic 
plates for 46 Massachusetts meteors and 73 New Mexico meteors. Atmospheric densities, computed 
from the New Mexico meteors in the same general fashion as in Technical Report No. 2, are in 
good agreement with the slope of the density profile derived from V-2 rockets; however, in 
analogy with the previous results for Massachusetts meteors, the residuals from the rockei 
curve are strongly dependent on velocity. A change of one full power in v in the fundamental 
equation is needed to make the residuals independent of velocity, but then the slope of the 
density curve diverges considerably from the rocket profile. The introduction of an empirical 
scale factor R reduces the velocity-free densities back again to the rocket profile. These 
final densities show only a slight seasonal effect,   if any. 

Massachusetts observations were reduced using the same constants as for New Mexico. The 
final densities are m good agreement with the New Mexico densities up to 75 km, but above 
that height the Massachusetts densities are systematically higher. The seasonal effect is more 
than twice as large for the Massachusetts observations as for New Mexico. The bad distribution 
of the Massachusetts meteors with regard to seasons, velocities and heights should, however, 
suggest some caution in interpreting this last result. 

1.     The Observational Material: 

Oly double-station meteors are included in the present report. All photographs through 
August 11, 1948, were taken in Massachusetts, from the Cambridge and Oak Ridge (now Agaaaix) 
stations,   for which co-ordinates are given below: 

Station (Agassis) Cambridge 

K (Greenw.) 71°33'29\82 71° 7'45".45 

<p •42°30'20".72 •42°22'53'.70 

h 190.2 •. 18.3 •. 

All photographs from August 14, 1949, inclusive, were taken in New Mexico, from the twin 
stations near Las Cruces, whose co-ordinates are: 

Station Dona Ana Soledad Canyon 

K (Greenw.) 106°47'58".50 106°36'42".32 

<P • 32°30'21'.94 • 32°18'13\61 

h 1412.3 m. 1567.4 -. 

The baseline between the Massachusetts stations is 37.896 km long;  the baseline ii New 
Mexico measures 28.S67 km. 
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Hie cameras with which the meteors were'photographed are Hated in Table I. 

TABLE  I 

Met tor Cameras 

a) Maaaachuaetta 

Oak Ridge (Af**< tit) Cambridge 

Camera Ap. / r.p.m. n                      Camera Ap. / r.p.m. n 

AI 1.5 6 600 2 FA 1.5 6 600 2 
KB 3.0 7 1200 2 KA 3.0 7 1800 2 

•AC 1.5 13 0 0 KL 1.5 6 630.5 4 
•MC 16 83 0 0 

b) New Mexico 

Dona Ana 

mera Ap. / r.p.m. n 

AI 
KB 
KF 
KH 

1.5 
3.0 
3.0 
3.0 

6 
7 
7 
7 

740 
1800 
1800 

0 

4 
2 
2 
0 

Soledad Canyon 

mera Ap. / r. p.m. n 

FA 1.5 6 630 4 
KA 3.0 7 1200 2 
KE 3.0 7 1200 2 
KG 3.0 7 0 0 

Ap. and / are the aperture and the focal length, in inches; r.p.m. is the number of revo- 
lutions per samite of the rotating shatter associated with the caaera, and n is the number of 
measurable features (breaks and/or dots) per shutter revolution. The cameras marked with an 
asterisk are not regular meteor cameras, but other astronomical instruments on which the meteor 
was photographed by accident. 

Basic data for all meteors are given in Tables II and III. The Massachusetts material 
includes 63 meteors. Of these, 46 could be used to determine velocities and deceleration* and 
yielded 86 atmospheric densities. The New Mexico material comprised 83 meteors, 73 of which 
yielded 168 density values. 

The following is an explanation of those columns in Tables II and III which are not self- 
explanatory. Q is the angle of intersection on the ceTextiel -aphejreof the two meteor trail a, 
ZR ia the zenith distance of the apparent radiant, vm and as aretKe~SXtrmeoJ ated velocity 
(in km/sec) and mass (in grama) of the meteor before it entered the earth'a atmoapTffcret—t_is 
the duration of the meteor as photographed from station A (Oak Ridge in Massachusetts, Dona Ana* 
in New Mexico), M ia the magnitude, reduced to the visual acale, which the meteor attained at 
maximum light. 

In the "shower" column all those meteors which do not belong to well-recognized showers 
were listed as sporadic.    There are,  however,  two new showers in the list: 

1) The Virginia's,  based on three meteors in 1939,   1942 and 1950,  all between March 18 and 
March 21,   with geocentric velocities of about 31 km/sec.    Approximate radiant: a •  185°, 
S - •55°(1950.0). 

2) The X Cygnids, baaed on four 1950 meteors between August 19 and August 22; geocentric 
velocity 27 km/sec, radiant: a - 292*, 8 - •55°(1950.0). 

The fundamental data used in the computation of atmospheric densities are given in Tables 
IVa and IVb for Maaaachuaetta and Va and Vb for New Mexico meteors. In these tables Fr. indi- 
cates the fraction of the tropic year, <p the parameter 360°* Fr., v the velocity in km/sec, 
dv/dt the acceleration in km/sec2, p.e. the probable error of the acceleration; the three last 
quantities were taken at the center of a least-squares solution involving n shutter breaks 
(form of the equstion of condition: D • a * bt * cek%, D • distance of break in spec? from • 

•10- 



fixed point, t - time, k » a pre-determined constant). H is the height ab-fe sea level, in 
la, and • the mass of the Meteor in grams at the tine for which v and dv/dt were taken. The 
meaning of pv p?, p} and p is explained in section 2; p and » are the weights computed ac- 
cording to equations (3) and (k), respectively. Aj, A2, A,, \ sre the residucle of log p., 
log p , log p} and log p„ from profile C (Table VI); A^ ar.J A^ (for Massachusetu) are residu- 
als of log p. and log p% from profile Af. 

Data pertaining to heights up to 90 la are to be found in Tables IY> and Va; Tablea Va 
and Vb give the equivalent information for heights greater than 85 km. Data for heights be- 
tween 85 end 90 km can thus be found in both sets of tables, listed in different fashion. 
Although for the computation of the mean densities the data for ff>85 km were handled in 
groups rather than individually, some of the analyses required individual atmospheric densities 
up to 90 km;  this explains the overlap between the tables. 

Meteor No. 2278 (New Mexico, 1950 Dec. 11.2) deserves a special mention. This meteor 
skimmed the upper atmosphere with an angle of incidence of only 12° and a velocity of 59 km/sec. 
Its photographic length ia 53°; its first half was caught by the Aland FA cameras, while the 
second half was recorded by the KE camera. Ob both the Aland the FA plates the trail is ex- 
tremely long and extends from a point not far from the center clear to the edge of the field. 
The acceleration computed from both plate* is small, but positive, and in our opinion this is 
due to the progressive change in the images of comparison stars and break* from the center to 
the edge. The large number of breaks on these exceptionally long trails makes these spurious 
accelerations much larger than their probable error* and this, in tnrn, would lead to unduly 
high weights for the resulting (negative) atmospheric densities, with the danger of vitiating 
the analysis. In view of this situation, it was deemed necessary to eliminate the AI and FA 

ities for this meteor from the present investigation. 

2.    Atmospheric Densities from tktcor Data;  Height* and Weighted Means: 

In a firat approximation the atmospheric densities p were computed in the same fashion as 
in Technical Report No. 2(1', using the formula 

p- -KmU-2^L. (i) 
at 

The mass a was computed by equation (9) of Technical Report No.  2, which shall be repeated 
here for easy reference: 

rQ ia the luminous-efficiency coefficient and I the visual intensity of the jctoor'1*', derived 
from the photographic magnitude with the correction •1"8.* For a detailed description of the 
photometric methods followed, see.Technical Report No. 312', pages 5-11. The densities thus 
computed, using K • i, are designated as px. 

Each individually determined acceleration was used to obtain s value of p.. Accelerations 
determined from different plates for the same meteor were treated independently of each other. 
If one photographic trail yielded two or more decelerations,   these were si so handled separately. 

The basic quantities which enter into the computstion of p sre affected by observational 
errora in varying degree*. While the velocity v ia always known to an accuracy of IX or 
better, the acceleration dv/dt may have probable errors ranging from 0.01 to 10 times its 
actual value, and the reliability of the probable error itself will vary according to the 
number of ahutter breaks used to compute the acceleration. The mass a, which is s function 
of the integrated light intensity, has an element of uncertainty in the extrapolation to xero 
of the intensity curve st the very end of the trajectory.    This uncertainty is reflected in s 

*Tw«nty-f I »• »•» Ntxlco ••tiori for »nlch both » 1t ua I and pho t oj,r tph I c ••gnttudtt «tra ivillitli 
conftra thtt correction.  Their atari It »1?$9. 

-11- 

I 

J-A-L*. (2) 



S 1 
a 

s 
I 

•s 
it 

• 

3 
s 

2 

I1 
i 

§3S8§53S3§3§T*SB53 3 §3 2S§SBSSSSs 

fifc588»iiSS8§SSS3339 9 99 3232999233 
3339!39933339393933 3 33 36**33323* 
Juuuuuu        vv U Wo U        w 

lillllJlliilJjii I ill I ill ll 
r««o>e«r-»<o«Kor-<esm>noec>      «/> «n«     <© -» 
2*8P3{sPP8Sls"SS888SSip"    S    2 3    S    si    961:    8£ 

if^r s s «" s si s a s « 8 si s   rf   aIts   P   S   KPS   sa 

£|  SS5*88*6i*?Ka8S8si8    £    8 R5    SE    8*    ^6;^    £3 g 

a8aaaa&«8KSiSS998SP   «   ss   s   a   888   3? 
'dJe^dH^^HniNeeeeode     «     -JcJ     «•>     -     -do     o^ 

J 
o 
a 

i, 
i 
a 

&»    ^->..^-,r-    «^9SS98« »     «     *        *-    8* 

sssa'sassiaaassas! • PS   a   u   «   a   s*a   s'a 

S8HII312|3ttiEMf  MM  g  UP  23 
ddoooooooooooooo  d  do  d o o o  o ' 

SSS2nS^SESiSI93SaeS   S   si!  g  5  855  25 
OOOOOOOOOOOOOOOOO 

• ••!•••••••••••••• • •• • T ••• • • | 

[8'°28RRRaS8N2a8Ra8w R fc 2 35 3 3B~ S2 
8S3*P>S8;823«33888S5 8 S3 ? S 225 9(3 

IgiiilSiiSISSiilia I IE i 1 188 sS 

tjjitjjjitfijfijfit s if i i Hi ii 
mmmmmm s si s1 sis n 
li|a=§sla§igsssasi i «§ 3 S iBa Si 

13- 



A 

I 

2~>    S3        #%        o *•* o -^ ^* 
- ,  w  w   fs|  w   «.« • 

•„,, —v ^ ~,*-^i»><-%«,9'-**-«'- -* *-* ^x.        *-^ ft r* S 

i"i*"»*i,:g*ig*^••'*'.  c 
»n R *o    - ^    .   - «    . ^ ^ #* •*". /       *> 
** ^* W ^ *•*  <-N  ^ w  ^   O  *^ *»**   •'        * ** 

SlliiSSlillt';iMF Jiiiiiiii.iii.iiiiliii.. 
33383883883'- i*  83        ; 38 3838388 38: 8 &8 8 83 8 12333 

UIIUUU u    O    U    U I 

lllllilllli'i^iiljllillllllllll! 
o        u   u   v   u   o 

•fi 

I  O   (M 

11 I 888iP^P^,U-&«8K&P*^SSlSaSiS?PttS{iPSSi^2PP8?«si 

if! nSR*^*»tRi=!£fe^KS88S*»38S6;8"&*SRaB*d8;:88»«8SS 

I 
8 

=      I 
S   I 

s 
4 

I 

iiiiiiTiTiTiTiT^ti   TiiiTiTiiTiiiiiiiiiTtii 

Ot*>OO.-'OOr-«OOO©0.^~<—  OOOOO^-OO — OOOC    OOOOO0*OO~**4OOO 

a»KC««-3S^i?5a«KS8a«.«,|gc6aS«P?SSRiK8*v,868 
o-odfi-dddei      oooticJoooo 8' i o e c> 3 

4 

I 

i 

3 

8agS3mmBSm3Sa82§82g28?iS5s,22aS.I8E8835 
•   •••   +   *•••   -   •   •   •    •   •   •   #   •   •   ••    •   •••••«•*•*••    •••••••• 

OOOOOOOOOOOOOOOOOOOOO.-'OOOOOOOOOOOOOOOOOOOO 

dooddoocJddooddo-" doooooc>c>oooooc>oddoocdooodd 

»,°8«8Ra«5888W»*8a,ona8,n«    5J3fc2;;S*8,-088!388,038;S 
'8 9aa*-'8--*|K8Sa882»88al8|a?MW!32aR8a88K828» • T I  • i   ||*  I   i    •*•*•••••••••*•••«   ••••••••••••••• 

'as*8*8a,oa85»88a822s,»38a|88,<>«a8,oa2-«fe'Stsaa2''" 

l»E3MsieSi!3iaiUESE8»33»Sg8SS21:!§iiH 
:S*fc^~~^:ss«£8^8'Rss;R^3:S:i2^8R*R2'R5^ 

HlUHUHiiUHllMUMUMMHMMlMM 

-14- 



5 
i 
8 

8 
4 

I 
£ 

3 
I, 

* 

2 

2 

3 
& 

55     :5   8§   Sec*     5   5S 
«   «   u -a CM      ^o 

SI   S ""-'*—   w   ©   rti   ,_   «-*   -v   O 

P~S©2~~~~S8 2.-:-.-,e8 8.g-:~w~33~3~~~ S~~a ~2 

iiiiliiiiiiii^iiiiilliiiiiiiiliiliiisliii 
•8 3 3 3 •: 

-tj    o TS    V    O U    U    U 

iiiiiiiiliimiiiiililiiniiliiiliiiii 
88£888S688SfcSPgp2S8!eP888'P38SS(8S!ao83£8££«* 

*S3838Sai=ft8S$S83S88©23S2P8;X«*R?S£S8S889S2S 
* «^* O O ©  ¥-*  © *~* OO^MOOW —iOMO-"000-"CMO-<0—• o « o 

S8£28„i;S8*i5S2.,©*8©©©©©S©~»    2SSKS«o§«8««,3§ 
*0©©0©*/»00© j/jooofoooovowmooowr-oor^ — <-*      «-• o o o —« *o s? 

aSSS"R8838R3 8as;$fiSPP*S£8a3^ 

OoOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOCDO—<oo 

oooooodoooooooooooooooooooooooeoooooooooo 

.«?8S8'"«aa2aaasRK8*0a58aaar-a22cia8-a282a9aas 
**•******•»**  Y* !••*•• *••••* ••>•••••••••••» 

*aass-*n8!«is2saaR,-s9s3!;a82aK"aiS2-,3S2asa9*5K2 

3iSS§liiS5SBSS§SeeeiB3CiBiS&SSBIBiSiSSS!S 
s s a 2 2* g 8 a a • a s * 4 "' *•' a s 2' * * 2 2 2* a" 2 a a 2 a 2 2 2 2 2 2 2 2* 2 2 w 

BBBBEiBBBBSSSBiBBSSBBBBEBEEESBSBBBBBBBgiS 

1 

-15- 



1 

• 

I 
I 
a 

§   I 
1 
5 

S 
4 

4 
St 
V 

i 
5 

I 

1 

9 

•<r 

9 

a. 
9 

3 

_»_o_o«ouu       wuuu       «_«'_ «i " «* _       !I 

iijiljliiililiilliiijljliimji 
8 3 s 3;s 3 s 3: 8; a R SIS SIS 8[ a * 5 fe a s: a s; 8 8 S s; a &; aIK 9 a 

2 2 3 s 8 8 8 8 a 2 S 8 8 8 3 8 2 3 $ a 8 8 8 B 2 3 R 8 8 a g a R 2 
• • • • i • i • i • i • t • i i i r • i i • i • i • • r • • • • i* • 

$J?KSSSSaS8SS5»E18SfcaS8Se8883aS?;8a3S2 

• • i f i • i • i* • i • r • r r r r »* •* r r »* • * • • •* • • • • r • 

a88SS338aS9S&S92a99SaaK28RR88S82t;S 
• v • * »* • i • i • i • i* • r t" i* r i* i* •* •* r • r • • r • • • • •* • 

^8J8«8«SPaSK3g8 382t;S888P«38Sa222*S 

8&ita8aaR92R8 88Sa9S|98RaR8 822sa8S8*|8 
i* i i* i* r i* r r r r r r r r r r •* r r r r •* •* • r • • i* • • r • r • 

82KSSaS8!RK8f!8«t:Sas38aS2S8SRa£;2S8Sa 

aKRRa»8ftSaKSaS888292^a!»88aa88S82S;S 
• i r i i i i r i* r r r r r r r r •* r •* •* r r • r • • i* • r r • r • 

228S8S93P88C;888a622saS3e888aP8S28S 

555SCiKS8iSSS33S3S**S"£SC!SSSCPPPP'p?^P 

«-»sas2w3 2 2a2s*aaa8S2a*28*2',a2?8sa" 

->..~a..5,oS<*P83:a3p:838R!S!;.g8SS883*«o9 

S~S8as82888223l28§»§*R96Se'JR8*s29Ss 
2' -3 9 2 2* 112 2* 2 2 2 2* 2 2 2 2* 2 2* i 2 2 2 2 2* iH 2 412 2 2* 2 2 -3 

?«8S88)&3aa»2S2ga8Sfl28388K»8fiSft§6$8 
I T •   i   i   i   i   i   i   i   i   i   i   i   •   i   i   i   i   i   i   i   i   i   i   i   i   i   i   i   i   i   i   i 

532333fcS88p:8»8.*S8383<2SSS2E;S38SS8SK 
8'anR^^2^2a2aaadaaa^R'^Rsasa8^2RRaRR 

iii§|il3iei£l!IIg«s||iii||9|iiiS|s 

SSSS252SSia3l8gS!22S!53l3l3i?28i3SgSSiS 

I 

-16- 



=f 

J 
V 

owe   UU    V    u 

illliilllllilJliilllllilljilili: 1*3 

•*•••* •* • • • i* i* r t r • •    • • • r r i • « • • • r r • • r •* • 

2S8SRRSSS2 = iS83a    883S:S8t»SSfc63SSa2*S 

I 
1 
1 
2 

1 
3 

I 
i 
4 

4 
8 
V 

3 

i 
s 

1 
U 

-<r 

S 

T'?T'T'vv"T'vT'T'v»r'rT'T'   tHiiiv"*r*r•?¥TT*«r*fT*rv 

'5S)tiSR822X8aS2S2    2 88SlgsSS82S82B2SS3 
III! I  I  •  •  •  I 

1 
xj 

i. 

4* 

7 

s 

:=B883SS8SSSSSSa SS^S8SHaSS82SS52SS 

S888-5SS«Saa32R 333£8892;C3SX;S8;S&£8 
vii i i i i i i i i i ITI i ii'TTTTTV'rT'rT'rTT'r'r 

&9£8M&l;g88&3898 SK8S8S3KW3S83351SSS 
• •••••••••••••• ••• r ••••••••••••• • 

8S:S22SB838Ka3S3 8HS88998S3S32PS88S 
" v* T* * v v T* T* *r v i i T* «r *r i *r i •    •    i    •    i    i    i    i    i    i    i    •    i    i    i i 

SaaSHSKSfcKSSSS;* 822833933928928288 
• • • • I • • • 

?8S82«SagS9s;»«!l^S32S3?aRaS2!S3S8?3 
I     III     I     I   T   »     I     I     I     I     I   V  T    I     I     I    T    •     I I    I    •    •    I    •    I    I    t    •    *    I    I 

)PS^t:t:SSS????S8S8S3^SSa8"aaSS*IJa"fc888 

• RSSS?S8MtSw,9S 
^•J-:aeJaci'Ji2a*a8^,-'2 

68 2 5»3§SI».33GSSP 

OR •• 0> O* 

99S9 
-^^«O«0OP*<y»«-«Of3OO—• c» © ^© o 

8*38-232 
93999999 

f *<53.»288 
iiivirii 

63988883 

*SSSR'S*&3 

SS&sSIBS 

9 9'9 9 9 

SsSSSi 
? T ?' V ?' 

53888: 
88883" 

inn 
9'9 

P8 

i8s 

88 

9*9'9'9*9*9999' 

83SSSSKS8 
88888838'C; 

9 9 -3 9 9 

aSoSs 
v ?' t ?* 7 

98SC8 

&s>8,S86823&'&SS3 

938* 
9 9* 9 3 
8-8 

•>> r- o • • • • 
77?? 

9P88 
9*83 

5318 

SS38 

§IIEiii3SHUH!IISI!UHHH8ISiS 
Si' 92; rilil 
3fi33£333 33*39 23333 

Ssgi88g^S8&§8S§g88S8 

C3 
Hip' 

33333333*1 

3! 
:3i 

SSESg- 
8    82 
3S3C 

•17- 



1 
1 
s ••# ** 
a 

I 
s 

5 
2 

A 

5 

£ 
5 

••• 

i 

<r 2 

V? 

x J 

o   o Cl   o 

« 
a 

4 
£ 

^* 2222* 83^22 £889 3 £"^^S^"S,°*o: 
• i      i 

^:3^H*"2~8R"^*2;28£^:3^^^d~~t<>J'* 

^»"'J~*e>J*«'>oe«eococo««»0\©<»»eo©'*^«n«/>cor--««,^wflO 

OO.-O^O^-^OOOOOOOOVOOe^MOOOknOOO 

PCBS^9«fc38s?^si3*^siSSS2ipi 
OQOC'^aroOvOOOCOOi-iOOOCOOOi-aOOOOOOO 

•3 2 *3 2 2 2 2 2 "3 2 2 -3 *3 -3 2 «2 2 2 2 2 2 2 "2 2' 2 i -3 

HO*HNHHO«nH^inHi»ioo'NddduiHrtOHN 
»illiiiliiiiiliiiiii*i*tili 

> 

asss^j|^s»ia3^^sas«3H»3Ss^ 

.-<   —>   >~t   r*   —)   -H   .-< HHHr4Mp(H ••« ^4   f-4 —<   —l   «-<   —« 

-18- 



Tf 

4 
1 
§ 
a 

J 
-i 

3 

4 
8 

i 
5 

••• 
«a 

i 

i 

i 
« 

9 

1 

r 

S 

1 

3 
5 

jJilliljlJIJjlilIIjJljlIlIllHIlilllllB 
• • i i i • • • • • (* • i* • i i i* •* »* • •* • • i* • r i • r r r r r / r r »* • / • r • • 

• • i i i • • i • * i* • »* i i i i r r * * • • i* * •* r * r •* r i «* r i* i* r * •* * *" * * 

2Sa$JS2*S8?3S?88?f8SRf;j8J!S85RS3?22SS8tS83tt; 

< « • i i • i i* •**»•* i i* •* i i* i i* r • i* i* i* i* i* i* r i" i" r »* r r i* / r i • / • r • • 

22F?S?RS>SC88*8Cas*3lSP8SB8'58R = K»3!3SS«saS(8a«58a 

^BU3382S=8a2ft85|a82lsa33SS2a2R**S*2^S8a5R82aS 
• ••••*    • r •* • r r •* r r •* » r •* • • • r r r »* • • r •* r r • •* «* • • • »* •*•*•• 

X«!0Pta5P»3«3S*288S»C3SS8B = SS33a3CS;3:38£83S9Sa 

t 

r*o~«**o>"*<e*ttOO»v»<o*oo*4«op»r'-r'-*«*»r-o*«*««<««ot»«-4*«<*^*to«t»-~«M«'* 
33fctSD;3ia8'833S33^S«SSS3S'SSSgS^ 

aaasasoaaaasassaaaaaaasfissaasasasasaaaasaaaa 
3SS88*832oS.888=SaSo*38S,^ 

-,88««2-.SS8!5fr.?;S8K88aR9ff«3522an522a2a = 882a28« 
9 8 8 3 •3-39 8 98 8 8* 8 8 8 8 8"88 8883888 8* 8 8 8 8* 88?8?'^588^8^« 

»«8*«,S^aas8ap83*P8S8R8o988853a*8Sa?*fe82aSSS 

T T i i i i i i i i i i • i i • i i i t i • i t i i i i i i i i i i i i i i i i i i i 

R2PSS3SS^f3 8S2S!:S5SBS88838»2S382SJ83S)82S»8IS 
2"2"sa^a's"a"8"Ra"Ra'sa'a"R8'a'02aa8«a^2'8'R^"aii^2'2's22'aR2s 

g&S33S§S§S3&3§SS§2SS88SSSI§Sas«£Sas"aa&R3S55 

lllllliliilllilillllllllliiliilllllllllligl 
tiftfiillilfiillil9ilsiilISssaiagsssssgBJgji 

-19- 



i 
l 
i 

i i 
5 

1 
X 
4 

•a 
8 
V 

5 
8 
i 
4 
S 
m 
3 

I 

r 

S 

9 

>J 

J 
i 

i till is Hiitii in s its in f limit tin in tin 
• • • i • # i • i • •* • i* • * •* • i • • •* • • r • • • • • • »* • • • i* r •        x    t i* 

SSaac»3S38882SSPa3*£*SS2»5*SHPS33S:28K        3    SS 
*i T' i »r »r T' •? »r T' T' V *r "r v v* »r «f «f v* T* *r v' v' T T' T* V i i i i «f *r *r • T" *f      T*   T' ?' 

a866382S*8aSS8S5S98525aS2S|38a8gr;28S8a        B    8H 
i i • i r • i* • i • i* • i* • r r «• r •* • r • • r • • • •* • • • • • • i* •* •       r    • (* 

8J8 38a5S12S8S3SR8f:38P2fii5$SSS8£SaSX2 83l        8    82 
•ri v"*r v •?iT"V•?*r•?iv*v"T'i*iiT* *r *r *rTv*v*•r«r7*v'T'Viiii*r     v   *r T 

9288fe82a8S2R288SR82aS5S3r3J;2 = S2SSS«;S8H        8    28 
» i * • r • r • r •* r • r •• r • r ••* r •*• r •••••••••• r i* •  • • i* 

P9S«2»»8aBa^S5S5a*9SG0SS5aSSS|SSS3a38a   8 PR 
'•• i*Tii»i«iiii»»i»iiiifrT,rtrrr*rrrrrrr,Trr,rTfr,r  *T V7 

S3833S^28n8*882n2&a86SKaR*RR288saf;a2S       8    «5 

8P228RaR«sn*8j»*99s»a$852;32S3a3S*s;a28a     8   as 
T T' T' •f T* •f'rv'r'r'f *" V T" T* •? *r T' *f V* ?' T" V T i *r T" *" *r v ^ T* *r v* * v *r     *r   *r •? 

RP2P^PP»ff'»SS{:rrri;p'5"sfflSRR'RPP"P8«88SS3S8att 

as82saa8fi28fi82358as2-8*aaaas2«SR23aflS8saans 

R5j:Ssa*lg„2„s83is„Ra28$iaSaaa82S3 8*a2§32S8as 

= ^--8a29nsssasc§sn = 8aa<,2si§8S28S2SlR-as5S22 

2oarEaasts28aa8ap2&8ss*vo«2s2§5R8SsB*^oas*388 
I     I     I     t     I     •     I     I    I     I     I    I     »»    *     t     I     t     I     i     t     *     I     I     i * |     i     |     •    i     t     |     I     |     |     I     I     I     t     I     I     |     i 

88aR8Ra88a8a88S8*82«2f!8C8:R8fcSSaaS229!SK*8aa2S 
a'8'83*rfa"RRa'sncaRtaasassaass"223aa«9isRaa'aaft 

-20- 



s=± 

I 

m 

4 
8 

i S 

i 
* 

S 

i 
i 

1 s 
s 

-X -— 
s 1 
I s 

1 ! 

J 

1 

• J 

illiiJllililiiiiililjilnliraiililiilihl 
8SR88&8S8R8 8383226888383388 88R   38.3 SSSSSSS 8 
• i i i • • i • * i i* t* i* i* • i* • • i* • i* • • • • • i* •* r •  • i* »* • »* •* i* * • i* • 

882S188P388 828*R8SR£28883£* 2«*   2«S 88*8288 S 
Hii'iii'T'rii   ¥¥¥¥¥•?•?¥*¥•?•?¥**¥   ¥¥T'     ¥¥¥   V'¥T'¥¥¥¥   ¥ 
88RS8388RR8 82!R8 = 38S*8ftS8R*3 288   883 3333286 3 

» i *    i i # • i i i • i • i* • * »* • »* • • • • • i* • • •*  • r i* • i* • r • • i* • 

8K36888R£88 2288888R233866R3 SS«   388 S388233 8 
iiiiii'tiiii  ¥¥¥,r¥,r¥¥T'¥v'v*¥,r'r'¥ ¥¥v'  ¥¥¥ *¥*¥¥¥¥ ¥ 

83383888888 8882Sn3S«::cs82388 62*   R83 9888888 8 
• • t i • • • • i i* •••*••* • • i* • • • •* • • • i* • » •  • i* i* • i* • i* • c %    • 

£8888886388 KSS85BE2SS3? fSVS 888   883 £886328 8 
,r*i1iii*iiilK   v* ¥ ¥ ?' ¥ v' *r ¥ T' T' i ¥ ¥ ¥ ¥ ¥ ¥¥¥  ¥¥¥ ¥¥¥¥¥¥¥ ¥ 

88888888888    8.882393832388388    826       888    888^228    6 
• • • i • i • * * • i  i i »* •••*•*• • i • • • • • • • • •  •* r i" • * • r • r i* <r 

86288838£88 8288688838368868 868 3883 8a8f33P 3 
¥¥¥i*¥¥¥¥¥¥¥   ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥   ¥¥¥  ¥¥¥¥   ¥¥¥¥¥¥¥   ¥ 
BCa8Baa3'ad833iiiSSa3^CSS<S**ttCC6ftt688888I8£t££ 

8388R8RC2883R83288882323?2R3R38,*2RS3S*>283888R8S 

E«89S.82S3SSa8S22 „s2«S2.3o*a35asSa*888.25los§SS 

8SlR2S28RRSM22898§3SlR82i88S38S6M.l8!8.«i39888«3 
¥98 9¥¥¥¥.3¥¥?9«¥^««¥9<a¥-339'3¥9¥^4t9¥¥t5l?¥i888 9¥94t 

8$5£88»P828.8383S3lSi238l82l28883-5835«8§23388-8 
i i i i i » i i i i i i i i * i i i i i i i * i i i i i • i i i i i • i i • i • i i i i i i i 

93 3R628 388 883£83£RS6886S,8228£6*632633&366383 2«£ 
3SR8*S*'28a"88*x'R8s"K88R'RRR88^"fc'RSS3^ 

>28SSaS5isS)sn|Sn«S&8881"ii888E;8«s2&S5asfi89S9S88§8 

ii||6;i||p||i8S8||Sp||||{3i§i|p|^B^«i{§6§a 
8 83C8CB8iaBcicaabbC8aaB3C3f3 8iia8ii8iaBMe8B3iiBaa 

S3flKHIS>i!eilB&S§3HIS§S§aiiiigSSfi§§Si§§8S&gSE 

, i 

-21- 



3 
A 

1 1^ 

1 
ft i 
2 i 
1 s 

• 

•K 
•» ••»» 

s i 
* 
3 
5 a 

J 

«TS 

«J 

« 
* 

•i 
£ 

CM —. c« —        Pi *+ —        -i rS «*••« 

cooNrjjuivopjoJjQ-^ooulOfloogv    '«in(4V)C]Wo>M'0«)>4Wr-'N<eu)«o< 

00  CO 40  03 00 00 CD OP 0D w 00 00 00 00 00 00 00 00 00 0 00 CO  00 CD 0 00 00 00 00 o> OX Cr. Cr* OX Cfc 

wiCMinoHHrto*H«N«o««nHO*hM««n«NH><ot-i,iom 
HdHJo'dind-Ndt'«'dd»ioNo'oHoV'«No'Ho'npJnNHU)ifl 

CM r- into nrJHA .-«       «>       <* .-« «i«»« 

^ssSSS.3o«a35oallas888r:8^ 
H«aodddadrj»NdddodHM><dd«ddH<)tddddddddd 

ii'i'i'zi «' -s* ? ?' 3 « ? «ti € i s" 4 4 « s « s «* 3 s sj i 4 <s 4 4 i i 
St * 

3£§32g89§23R3 3.-^ 
ddd»inNdndddrtHtS^d-<ddcii-a«d«dHndHntjNdd 

i    i    i    i    i    i    i    i    i    i   <•   i    i    •    i    i    i    i    i   »   i    i    >    i    i    i    i   i    i    i    i    i    •    i    i 

cQ&«SS;SR22c5?G^So^2B;s*S3K£SS^S-S??;S53:sS 

°§88»228gS58S8^ 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

SSSi5i§5SS?5ggiSS2S2S|SS§g2ag8Slg3S 

-22- 



•  5 
4 
1 
| 

i 
5 

3 
« 
4 

I 
1 

1 

I 

<*• n 

B J 

- w 

* 

5 
• 

owooo    u  v    ueuu   uuu  wuuu    uuuu 

illllllillllllsillllslUlUllllllll 
e< *> •* i* -> oi»i««oi-*co>e«*8«oj      ao      «# © *5> 18 e? e-*2 o93o 

'' ' til '    til     ' 

«„©--, .   .^oo^^^-RH^.^^aa.^ars 
II i i iii 

niN««eM«OHi>aiiinoMi|iK)n«OM«»«n      NOIOMA      f> CM ao 
^82^;300^^s,«-*«,»*>;flc>©i*io!»#t-^©'i-«©<o©'    uj *OM    ®3{'* 

ass^ssigsisiasifs^ 
ooo^oooooooooooooooooooooowoooonooo 

?§&SKS*288S£35S««3S$3,-«.»3o33S«>a8's££ 
s *i s 9 4 -i -i -i 4 i ?. s -s -s i «a ** s 4 ? * -s -s 4 i ii« s g -s * « 9 * 

aSas*^BSS2ssns^ofe5SS*r-o2^8sP-sSRss 
H'dHH(lfi»idi<««d»id«wi«« oowo\-ir-'«r-'«noo>#ooooo 
•    IIIIIIIIIIII«II<»IIIII».II»III««*II 

*SS!U82SSPS3»2Sfcfc3S8S8ctSS;g8ESa;*8S!c;::3 

a§mSS2SMH2^^gm§33a$8853Ss8a 

SSiSSSISSiiSiSSSSSSSSSillSSSSSSSiSS 

3fe32E*S*&3&2JEi13BiS<e32£SSffi2332!aBa3333£ 

isiaiEisiiiasiiissiiiiietiissasESii 

.8 
t> 

i 
i 
i 
s 

5 
I 
a 

I 

-23- 



saw]] relative error when the point we consider is near the beginning or the center of the 
trail, but nay became quite important when we have to compute a mass near the end of the me- 
teor's visible path. It is, therefore, necessary to establish a weight function which will 
take into account a]1 these factors. 

If the scatter in the computed atmospheric densities were due only to observational errors, 
a weight function could be established rather simply on the basis of the probable errors of 
dv/dt and a. We must not forget however, that even densities computed from exact data (i.e., 
with probable errors equal to zero) would presumably show a scatter due to different shapes and 
densities of the individual meteoroids and to unaccounted day-to-day variations in the upper- 
atmospheric layers. While a weight function based entirely on probable errors would be jus- 
tified for data with very low accuracy, there ia the danger that it would lead to dangerous 
relative overweighting of more accurate data. As we see, an ideal weight function oust follow 
the probable-error rule in the low-accuracy domain and reach an upper (saturation) value when 
the probable errors decrease beyond a certain liait. Th» *«=-;*ht 'unction* which were finally 
adopted are certainly far from being ideal and would be difficult to justify on a rigid ana- 
lytical basis; they do, however, satisfactorily accomplish their assigned task, so we feel they 
can be presented without further apologies. 

Whenever values of log10 P »ere analyzed (i.e., for heights lower than 85 km), their 
weight p was assumed to be 

p  -   10</> (JL) v<(n-3)(—)H ! 
e a_ 

(3) 
xp - H [1  • erf (2 1og10x-0.7)] . 

Here v/e is the ratio of the acceleration to its probable error, n is the number of shutter 
breaks used in the least-squares solution (which contains three ••-tknowns) and aa the mass of 
the meteor before it entered the atmosphere. In the expression r i/>, x may be either v/e or 
n- 3. The weights thus computed range from 1 to 9 and virtual all densities »itk v/e < 2 
have weight zero. 

For heights above 85 km, where weighted means were taken in p rather than log10 p, the 
weight function was 

> -  [-ZL(n-3)]*erf (10"18€;2) . (*) 

whers e - (p/v)c. The meteor mass does not appear in this formula because at great heights 
all accelerations are computed from centers or early parts of trajectories. 

The separation of the observations] material into two sections, below and above 85 km, 
appeared to be necessary in view of the great disparity in the accuracy of the data. Below 85 
km the observed decelerations are generally much larger than their probable errors and there 
are virtually no negative densities. Above 85 km it becomes increasingly difficult to get 
reliable decelerations and negative densities become more sad more frequent. 

In view of the nearly linear relation between H and log p, it appears logical to prefer 
taking weighted means of these two quantities whenever possible, and this was done for H< 85 km. 
For H > 85 km advantage was taken of the fact that atmospheric densities in the range 0<H< 100 
km can be represented, within a factor of 2, by the approximation p • pQ «-°>i3*N, Weighted 
means were therefore taken in p and in the quantity *-°*1?,N

# from which the corresponding mean 
value of H was computed. 

3.    Analysis of the New Mexico Data: 

The mean atmospheric density profile over New Mexico was assumed to be sufficiently well 
established on the basis of the results of several high-altitude rockets launched in recent 
years. N.R.L. data from four rocket flights were reduced by the writer in 1948Ul and the mean 
profile derived from them (profile C, Table VI) has been used for the past 4 years at II. I.T.  as 
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a guide in problems involving the upper atmosphere . Our chief goal has been to establish an 
empirical function of the densities p computed by equation (1) from New Mexico meteors, which 
would reduce the coaputed densities •• close]/ aa possible to those of profile C. This ssae 
function would then be applied to the densities coaputed froa Massachusetts aeteors; the two 
seta of data would then preauaably represent true ataoapheric densities and could be analyzed 
and ccapared. 

A aean density profile for the upper ataoaphere over New Mexico has been recently coaputed 
by the Rocket Panel* using data froa 16 rocket flights'5'. Thir profile is given in Table VI 
under the designation of profile R. Profiles. R and C are almost identical (they intersect 
three tiaes in the range froa SO to 100 ka) so no appreciable difference in our results could 
be expected if one were substituted for the other in the analysis. 

As a preliminary step, the individual vaiues of log px were ccapared with three different 
density profiles, given in Table VI. Only points lying between the heights of 65 and 85 ka 
were used in the analysis. This limitation steam froa various considerations: 

TABLE VI 

Atmotpheric Density Profiles Used in the Analytit of New Mexico mtd 
MaaeachueetU Meteort (A.B.C) and MOMt Recent Profile 

from V-2 RockeU (R).    Log10p   in g/c»A 

H A B C R M 
(km) 

45 -5.744 -5.725 -5.667 
SO -6.006 -5.99 -5.971 -5.936 -5.91 
55 -6.227 -6.21 -6.193 -6.199 -6.15 
60 -6.421 -6.42 -6.409 -6.457 -6.41 
65 -6.607 -6.63 -6.647 -6.723 -6.70 
70 -6.801 -6.88 -6.955 -7.012 -6.97 
75 -7.018 -7.20 -7.324 -7.334 -7.25 
80 -7.287 -7.56 -7.700 -7.676 -7.52 
85 -7.611 -7.92 -8.062 -8.034 -7.80 
90 -7.951 -8.29 -8.400 -8.389 -8.08 
95 -8.273 -8.67 -8.717 -8.734 -8.36 
100 -8.569 9.04 -9.021 -9.063 -8.66 
105 -8.852 -9.314 -9.379 
110 -9.131 -9.598 -9.684 

A - Profile from Massachusetts aeteors,  194913'. 

B • Preliminary profile from New Mexico aeteors, using I 
uncorrected data and log K • 0.12. 

C - Profile froa New Mexico rocket flights,  1948(1>. 

R - Most recent profile from V-2 rockets,  1952(". 

M • Final density profile froa Massachusetts aeteors, 
froa results of the present paper. 

1) In the height range between 65 and 85 ka there is a generous overlapping of aeteor 
velocities and aasses. At heights lower than 65 ka densities are derived mostly froa low- 
velocity, massive meteors near the end of their trajectories. At heights greater than 85 km 
high-velocity, low-mass aeteors predominate. 

*Tha author ilikn to awprait hi* linear* gratitude to tha kockat Panal for tha paralialon to 
u«* thaaa data kafora thalr publication. 
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2) At heights greater than 85 km individual meteor decelerations become progressively less 
reliable. 

3) The introduction of the height in the fora of a linear ten in the equation of condi- 
tion precludes taking any wider range in heights, or the tern would lose such cr z .ignif- 
icacce. 

Since the exact fora of the drag equation (1) is stili open to discussion, both the ve- 
locity v and the mass • were inserted in the equation of condition, although it was realised 
that they are not independent parameters; also introduced were the height H, to account for an 
error in the slope of the comparison curve, and the fraction of the tropic year to account for 
a possible seasonal effect. This last quantity was introduced through an auxiliary angle 
4> « 2nt/T where T ia the duration of the tropic year and t the time elapsed since January 1.0 
of the year when the meteor appeared. 

The equation of condition used had the form 

log p1 - I05 p' • a* 6 sin <p • c cos d> * d (log1Q v-6)  *• eff • / log    1 

• a*U sin (d>*a) • d (log10 v- 6) • eH • /lr>g1(>a . 
(5) 

Here p'  is the density at the height H  in the comparison profile (A, B,  or C). 
In view of the peculiar distribution of the meteor material, none of the parameters is, 

strictly speaking, independent of the others: velocities are closely connected with heights, 

masses with velocities and there is s tendency for low-velocity meteors to abound in the winter 
aenester and high-velocity meteors to prefer the summer season. The situation, as will be 

seen, is particularly bad in this respect for the Massachusetts material. For New Mexico, 
however, the distribution is much more uniform with respect to all parameters and some sense 

can be made out of the various correlations. A comparison of the solutions made using the 
complete equation of condition (4) with others in which the coefficients of log a or of H or 
both have been put equal to zero is particularly instructive. 

A special effort was made by the New Mexico observers to cover the Geainida of 1950, and 
this resulted in an abnormally high percentage of such meteors in the analyzed material. Sinew 
a cursory inspection had shown that the atmospheric densities derived from Geainids seemed to 

be systematically lower than the average, separate least-squares solutions were aade, with and 
without Geainids. 

The results of the various least-squares solutions for the New Mexico data are given in 
Table VII. An inspection of Table VII leads to the following preliminary results: 

a) No natter what comparison profile is taken, and whether or not Geainids are included, 

the value of d, the coefficient of log v, is always -1.1 or -1.2, and exceeds its probable 
error by a factor of 10. The 1948 analysis of Massachusetts meteors11' had given for the 

coefficient of log v the values of -0.91 and -0.79, according to the equation of condition 
used. 

b) The coefficient of l>tg «, as was to be expected, ia of opposite sign with respect to 
that of log v. It ia important to note that its magnitude is of the sane order as that of its 
probable error and that, when it is put equal to zero in the equation of condition, the re- 
maining coefficients change but very little. 

c) The seasonal effect ia stiall, with an aaplitude which for most solutions amounts to 
less than one-half of thst derived for Massachusetts in a previous analysis'1'. The aaplitude 

ia only two to four times larger than its probable error and the phase of the fluctuation is 
quite different from the one found for Massachusetts. The seasonal effect is, however, strongly 

dependent on the comparison profile, and any more definite conclusion on its reality should be 
deferred until Inter. 

A plot of log p against H (fig. 1) shows an excellent agreement with the rocket profile 
C. On the other hand the results listed under A) show that the residual a from this profile are 
strongly dependent on velocity, and that the cause of this dependence must be sought not in the 

comparison profile, but in the fundamental equation (i). It appears that the correct value of 
d ia very close to -1.0, which would correspond to an error of one power in v in equation (I). 
As a second step, then, we tried to make the computed densities independent of velocity by 
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TABLE VII 

Mmlytii of Lag p   for Htm Mexico Meteor* 

SS<B< 85 U 

No. Cbapsriaica Profile 
sad Data Ueod 

• b c d « f M a Hii . 

1 A, All hBteora •0.197 
i0.200 

•0.077 
10.028 

-0.006 
«0.C20 

-1.19 
tO. 12 

•0.0002 
:C.0C26 

•0.032 
£.019 

•0.078 
i0.02S 

355* 
tl5 

Oct. 
i 

7 
16 

2 A. All Meteors •0.184 
tO.205 

•0.054 
i0.025 

-0.004 
tO.021 

-1.22 
i0.12 

•0.0004 
10.0027 

•0.055 
10.025 

356 
i22 

Oct. 
l 

7 
23 

3 A. NoGeenaide •0.4S6 
t0.231 

•0.091 
10.038 

•0.017 
i0.021 

-1.12 
10.12 

-0.0033 
10.0031 

•0.049 
10.021 

•0.093 
10.045 

11 
il3 

Sept. 
1 

21 
14 

4 A, NoGeaUioa •0.333 
t0.229 

•0.055 
i0.024 

•0.015 
i0.021 

-1.18 
i0.ll 

-0.0016 
10.0030 

•0.057 
i0.023 

16 
i22 

Sept. 
i 

16 
22 

S B, All Meteors •0.490 
10.0S3 

•0.088 
i0.024 

-0.032 
«0.021 

-1.09 
10.12 

•0,094 
10.023 

340 
113 

Oct. 
i 

22 
13 

6 B. All Mataora »0.013 
i0.018 

•0.104 
t0.029 

-0.129 
tO.022 

•0.165 
10.025 

309 
l 9 

NOT 

I 

23 
9 

7 B, Mo Gssriaida •0.521 
40.051 

•0.083 
tO.022 

•0.017 
10.022 

-1.13 
10.17 

•0.065 
10.022 

11 
llS 

Sept. 
i 

20 
15 

8 B, No Gaarinida •0.035 
tO.018 

•0.094 
10.029 

-0.093 
10.024 

•0.132 
10.029 

315 
ill 

NOT. 

t 
16 
12 

9 C, All Meteors -1.133 
tO.207 

•0.076 
i0.029 

-0.009 
10.021 

-1.22 
i0.13 

•0.0217 
10.0027 

•0.028 
10.020 

•0.077 
10.029 

354 
il6 

Oct. 
i 

9 
16 

10 C, All Meteors -1.143 
i0.207 

•0.056 
t0.025 

-0.007 
10.021 

-1.2S 
tO.12 

•0.0221 
10.0027 

•0.057 
10.025 

353 
i22 

Oct. 
i 

9 
22 

11 C, No Gesuoid. -0.883 
rO.236 

•0.089 
*0.029 

•0.013 
10.022 

-1.15 
10.12 

•0.0183 
10.0031 

• 0.041 
i0.022 

•0.069 
10.029 

9 
114 

Sept. 
i 

23 
14 

12 C, NoGsadaida -0.969 
t0.233 

•0.058 
10.024 

•©.012 
10.022 

-1.21 
10.12 

•0.0197 
10.0030 

•0.059 
10.024 

11 
i21 

Sept. 
l 

20 
21 

13 C, NoGssnaids •0.505 
tO.056 

•0.116 
r0.025 

•0.020 
10.024 

-1.05 
10.19 

•0.118 
10.025 

10 
ill 

Sept. 
l 

22 
11 

This table gi»ee the raamlta of the Tarioos least-squares solutions caapatad, using tbe 

aquatics of ocaditiac 

log ps- log p'    •   a » b sia <fi   •   COM*   •   d(log10*-6)    •   aH •   f logl0a 

-   a •!..«($• a)   •   d(log10T-6)   •   aH •   f log10a . 

Hare p'  ia the density at the height   H    in the conpariaion profile specified for each 

2w 
atlotion;   <p   -   — t    where   T ia taa duration of the tropic year aad   t   the tiaa elepaed 

since January 1.0 ;    T    ia the aataor Telocity ia en/sec. and   •   the aateor amaa i 

1    l 
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reducing then,  assuming d • -1,   to a standard velocity of 30 ken/sec.    These corrected densities 
were designated p2;  «e thus have the following equation for p • 

Pa 2—rPi . (9) 
3x10* 

In view of the anal] change in velocity during the course of • weteor trajectory, equation 
(2)  can be written, approximately, as 

a -—2_/ • Idt. _Llv-3 . . _ .  . (7) 
TV'  I T ' ' o o 

This Mans that,   for all practical purposes, equation (1) becomes 

p - -HLOv-**?-. (8) 
T dt '    ' 0 

The change from p, to p2 would imply a change iron v"1 to »"' in this equation. Were it not 
for the results listed under b), we could be entirely agnostic and ascribe the blase for this 
change indifferently to an error in the power of v in (1) or in (7). Ascribing the blaae to 
equation (7) would mean Baking a independent of velocity. Then all Meteors having the sane 
brightness would have the sane Mass, and the thermal theory of aeteor light would have to be 
abandoned. 

There are some indications that this is not the case. The excellent agreement of theo- 
retical light curves with observationsm and the behavior of low-velocity Meteors'2' would 
indicate a definite dependence of Masses on velocity. Apart frcai this, the result? listed 
under b) show that there is at beat only a doubtful dependence of density residuals on the Mass 
as computed by (2). It looks as though most of the trouble arises frost the forw of the drag 
equation. 

Means of log p2 against H are shown in Table IX and in Fig. I. Since greater velocities 
are observed at greater height, the velocity correction (log p - log p • log v - 6.477) in- 
creases with height and, conforming to expectation, the slope of log p2 becomes smaller than 
that of log p , which agreed with the alope of the rocket profile. We are thus left with a set 
of "densities   which are practically independent of velocity,  as we desired,  but do not agree 
with the known density profile. It would seeai that the introduction of a scale factor R some- 
what larger than unity would restore the proper slope.    Densities p, computed by the equation 

log p, - A*R log p3  (A »  constant) , (9) 

would leave residuals from profile C which would presumably prove independent of velocity and 
height, but would still be affected by a possible seasonal fluctuation. The final densities 
p , corrected for aeasonal effect, were computed by least-squares, using the equation of 
condition 

log pc  -A+fl I03 p2 -B nind) - Ccosd> 

• A * R log p2 - M sin (d> • a) 

where pc is the density an profile C at the height corresponding to p . The values of p^ are 
the values of pc computed by (10), once A, B, C and it have been determined. The presence of a 
scale factor R j 1 must be considered as a purely empirical device to Make the computed den- 
sities agree with the observed rocket profile. A theoretical explanation is not attempted at 
this stage. 

Since a large range in heights is necessary for an accurate determination of the scale 
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factor B,  the least-squares solution was extended to ail meteors with height* lower that 90 km, 
Geminids excluded.    Toe results are given below: 

A - *2.059 i  .286 
• 

B - *0.056 i :028 

C • -0.034 ± .024 

R • *1.27S * .151 

M - '0.066 t .027 

a - 329° t 22° 

(Minimusi density:  NOT.   3 t 22d) 

Within the sane range of heights ss that of the least-squares solution there sre 25 den- 
sities determined frees Gesunids. When log p^ is computed for the*, they yield residuals A% 

from profile C, whose weighted mean is -0.10. We consequently assumed the value of +0.10 to 
represent the swan correction to log p^ as determined froa Geminids. Mean values of log p in 
function of height are shown in Table DC and Fig. 2. For heights shore 85 ka, where Means were 
taken in p rather in log p, the aesn of the individual seasonal corrections was applied to each 
mean point. For the same points the correction to log pH for the presence of Geminids was 
taken as +0.10 tiaes the ratio of the sum of the Geminid weights over the total sum of the 
weights within the 5 ka range of heights considered. 

As a final check on the non-dependence of pH froa meteor velocities, the coefficient of 
correlation between log pH and log v was computed for all meteors with H < 90 ka (corrected 
Geminids included) and found to be equal  to 0.002. 

The amplitude of the seasonal fluctuation which results froa this least-squares solution 
is only twice as large aa its probable error. In view of the possibility that the seasonal 
effect might be a function of height and that the picture might become somewhat blurred if the 
analysis were made over too large a range in height, another solution was computed for heights 
between 65 and 85 ka, Gesunids excluded, using a slightly different method. Log p, was com- 
puted by equation (9), using A • +2.059 sad R - 1.275, and the reaiduals A from profile C 
mere analyzed for seasonal effect.    The result of the least-squares solution is given below: 

A   - -0.0096 • 0.083 sin (d> • 359?5) 

t .0083 s 0.040 

As we see, the results are not too dissimilar froa those obtained using sll meteors with 
H < 90 km. The amplitude is 25% larger, but still only twice as large as its probable error, 
and the minimum density falls on October 2, or one month earlier. In our judgment it would be 
a jittle premature to give a definite pronouncement concerning the reality of the effect. 

4.    Analyei* of the MoMtachiuett* Data: 

Valuea of log p for most of the Massschusetts meteors have been published in Technical 
Report No. 2(1>. For a number of meteors the data are presented here in a scaewhat different 
form. Previously, when decelerations were determined on two plates for the sane meteor, their 
weighted aaan was used in most cases to compute atmospheric densities. To make the Massachu- 
setts material entirely consistent with that froa New Mexico, decelerations froa different 
plates sre here treated separately. 

For s comparison with the New Mexico data we must compute p and p according to equations 
(6) and (9), analyse p, for seasonal variation and finally obtain a profile of p,. Before we 
proceed to do this, however, it will be instructive to look at the results of some preliainary 
analyses of p. which were undertaken, s little haphazardly, in the early stag-* of this in- 
vestigation. Table VIII suaaarises the results of least-squares solutions computed exactly in 
the same manner as for New Mexico meteors, with the equation of condition (5), using two dif- 
ferent comparison profiles.    This table should be compared with Table VII. 
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TABLE VIII 

Analytit of Log p. for Jfo.McAu.ett. tttteort 

65 < H< SSKm 

No. Gaapariaien Profile 
MM! Data Used 

b c d e f u a Mia. 

1 A, All Meteor. -0.734 
tO.249 

-0.104 
±0.036 

-0.041 
±0.037 

-0.762 
±0.212 

•0.0109 
±0.0035 

-0.002 
±0.078 

•0.112 
±0.036 

0 
202 
±19 

March 11 
t   19 

2 A, All Meteors -0.736 
tO.244 

-0.104 
±0.034 

-0.042 
±0.036 

-0.759 
±0.204 

•0.0109 
±0.0034 

•0.112 
±0.03S 

202 
±19 

March 11 
l    19 

3 A, No Geainid. -0.872 
±0.246 

-0.091 
±0.034 

•0.001 
±0.039 

-0.593 
±0.281 

•0.0122 
±0.0037 

-0.U4S 
±0.031 

•0.091 
±0.034 

179 
±25 

April    3 
t   25 

4 A, No Gcacinida -0.904 
*0.244 

-0.108 
±0.032 

•0.006 
±0.039 

-0.412 
±0.251 

•0.0109 
±0.0036 

•0.108 
±0.032 

177 
±21 

April    6 
±    21 

5 A, No Geaunida -0.246 
tO.114 

-0.159 
±0.030 

-0.014 
±0.040 

-0.050 
±0.228 

•0.160 
±0.030 

185 
±14 

March 28 
±   14 

6 C, All Meteor* -2.220 
±0.255 

-0.111 
±0.036 

-0.042 
±0.038 

-0.775 
±0.217 

•0.0344 
±0.0035 

•0.009 
±0.080 

•0.119 
±0.037 

2C1 
±18 

March 12 
±   19 

7 C, All Meteor. -2.210 
±0.250 

-0.108 
±0.035 

-0.041 
±0.037 

-0.791 
±0.209 

•0.0345 
±0.0035 

•0.116 
±0.036 

201 
±18 

March 12 
±   19 

8 C, All Meteor. •0.066 
±0.143 

-0.266 
±0.045 

-0.156 
±0.051 

-0.070 
±0.281 

•0.30a 
±0.047 

210 
± 9 

March   2 
±     9 

9 C, No G— inida -0.286 
±0.165 

-0.275 
±0.043 

-0.052 
±0.056 

•0.661 
±0.330 

•0.280 
±0.043 

191 
±11 

torch 22 
±   12 

For detailed explanation., ace bottom of Table VII . 
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TABLE   IX 

•Van Atmospheric Dewitict from Ntm Mexico Mtttort 

(Wtirfxttd Mean* within S-Km Crxpt; Gtminid D*ntitit$ Corrtcttd) 

H 1<WPJ \ 'o«Pi *, lo*P, *i >°*P, \ a 
(M 

S1.9 -5.97 •0.09 -6.17 -0.11 -5.81 •0.25 -5.76 •0.30 2 
se.o -6.55 -0.23 -6.S1 -0.19 -6.26 •0.06 -6.22 •0.10 5 
61.3 -6.63 -0.16 -6.60 -0.13 -6.38 •0.09 -6.33 •0.14 6 
67.4 -6.99 -0.20 -6.97 -0.18 -6.84 -0.05 -6.78 •0.01 12 
T2.6 -7.22 -0.07 -7.35 -0.20 -7.32 -0.17 -7.31 -0.16 IS 
T7.6 -7.44 •0.08 -7.48 •0.04 -7.49 •0.03 -7.48 •0.04 30 
82.7 -7.84 •0.06 -7.81 •0.09 -7.90 0.00 -7.S? •0.01 

87.S -fl.25 -0.01 -8.21 •0.03 -8.41 -0.17 -8.39 -0.15 29 
91.7 -8.60 -0.09 -8.40 •0.11 -8.66 -0.15 -8.63 -0.12 14 
96.5 -8.42 •0.39 -8.19 •0.62 -8.39 •0.42 -8.43 •0.38 18 

102.6 -9.36 -0.18 -9.10 •0.08 -9.55 -0.37 -9.48 -0.30 4 
108.3 -9.27 •0.23 -8.93 •0.S7 -9.33 •0.17 -9.27 •0.23 3 

A., A , A., A^era reeidueje of the reeoectiTe log p'e fro» the 

Rocket Profile C (Table VI) 

TABLE X 

Mean Atmoiphtric Dtntititt from Mattmthutttt Mtttort 

(ftVifAfect INU within 5-*a Grompt; Gtminid Duuititt Corrtcttd) 

H lofPj *i l«€Pt 
A, lotP, \ A; logP» \ *. a 

(be) 

48.83 -6.12 -0.20 -6.10 -0.18 -5.75 •0.17 •0.10 -5.73 •0.19 •0.12 3 
56.63 -6.48 -0.22 -6.47 -0.21 -6.22 •0.04 •0.01 -6.17 •0.09 •0.06 5 
62.32 -6.76 -0.25 -6.88 -0.37 -6.71 -0.20 -0.16 -6.66 -0.15 -0.11 7 
66.63 -7.02 -0.28 -7.07 -0.33 -6.96 -0.22 -0.17 -6.92 -0.18 -0.13 9 
73.43 -7.20 0.00 -7.20 0.00 -7.13 •0.07 •0.03 -7.13 •0.07 •0.03 9 
78.30 -7.36 •0.21 -7.39 •0.18 -7.36 •0.2i •0.06 -7.42 •0.15 0.00 14 
81.98 -7.63 •0.22 -7.57 •0.28 -7.60 • 0.25 •0.02 -7.62 •0.23 0.00 12 

86.8 -7.96 •0.23 -7.78 •0.41 -7.86 •0.33 •0.04 -7.87 •0.32 •0.03 10 
92.2 -8.35 •0.19 -8.07 •0.47 -8.23 •0.31 -0.03 -8.37 •0.17 -0.17 13 
95.2 -8.46 •0.27 -8.12 •0.61 -8.30 •0.43 •0.07 •8.42 •0.31 -0.05 2 

101.3 -8.47 •0.63 -8.12 •0.98 -8.30 •0.80 •0.41 -8.40 •0.70 •0.31 2 

A , Aj, A^, A^ are raaiebala of the reapevlive log p't tram the Rocket Profile C 

A! mad AJ ere reaioWla of log p, end log p, fro> the Meaeacauaatta Profile It . 
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Aa we have previously mentioned, the distribution of Massachusetts meteors with regard to 
seasons, velocities and heights is quite bad. A sizable fraction of New Mexico meteors yielded 
wore than one deceleration in the course of the visible trajectory. In Massachuaetts with 
smeller cameras, poorer sky and slower, two-blade "huttera, multipie-deceleration meteors were 
the exception rather than the rule. The reault ia that even in the region between the heights 
of 65 and 85 km there is little overlap in heights and velocities, and the situation ia made 
worse by the preference-fortuitous or not-of high-velocity meteors for the summer season. 

As s consequence of this situation, the parameters of the equation of condition (5) are 
strongly interrelated and the least-squares solutions computed on its basis lose much of their 
significance. This must be kept in mind when results from this analysis are compared with 
previous results. 

The instability of the solution is made quite evident by an inspection of the d column in 
Table VIII. While for New Mexico the value of d was quite stable in the vicinity of -1.1 for 
all comparison profiles and chunges of parameters, here it changes very drastically with the 
slope of the comparison profile. If we make e • 0, i.e., if we do not allow for an error in 
the slope of the comparison profile, the strong dependence of velocities on heights will cause 
d to assume practically any value, and even to change sign, according to the profile which ia 
taken for comparison. The comparison profile has slso a strong influence on the amplitude of 
the seasonal effect - although much less on its phase. 

Of all the solutions, No. 2 is the one which can be mn»t directly compared with the re- 
sults of Technical Report No. 2, Eq. (iU). The comparison profile was in one case the N.A.CA. 
profile'7', in the other profile A, but due to the presence of the eH term in the equation of 
condition, the conditions are quite similar in both cases. The value of d was -0.91 in the 
old, -0.76 in the new solution. 

After this digression, we can go back to the outlined reduction of the Massachusetts Pi's. 
Table IVa gives log p. and log p as computed from p , with their residuals A, and A from 
profile C. Mean value* of log p, taken in 5-km intervals were plotted against ff and a smooth 
curve drawn through the points. "The residuals from this curve, in the height range between 65 
and 85 km (Geminids excluded) were analyzed for aeasonal effect and the resulting seasonal 
correction applied to p . A new curve (almost identical with the preceding one) was drawn 
through these corrected densities and waa assumed to be the final Massachusetts density profile 
{M in Table VI). The residuals of log p? from this profile are designated A' in Tables IVa 
and IVb.    A final  analysis of A'   in the same interval as before, gives 

Ai - -0.033 • 0.175 sin (d> • 204°) 3 

t  .032 t    .040 i    16 
(W 

The final corrected densitiea pH [i.e., log p with the correction -0.175 --n (0 • 204°) 
applied to them, and the extra correction *0.10 applied to Geminids] are shown in Tables IVa 
and IVb.    Means in 5-km height interval a are given in Table X and plotted in Fig. 3. i 

, .  '     The seasonal effect,  as given by (12) is in fair agreement with the results of Technical 
/ ftsport No.  2.    There the fluctuation was given aa a function of the mean normal  temperature T 

/ • ,'i/i Boston, with a coefficient of +0.015 per °C.    This would correspond to a semi-amplitude of 
' / 0.18 with « -j"j— toward the end of January.    Here the semi-amplitude is 0.175 with a minimum 

on March 9. It ia perhaps significant that, while the amplitude of the seasons! fluctuation 
turns out to be twice as large as in New Mexico,  its probable error ia just about the same in I 
both localities.    Although some caution should be exercised in interpreting this result in view j 
of the bed distribution of the meteors in Massachusetts, it might ir licate a change of the sea- 
sonal fluctuation with latitude;   if so,  the change is definitely in the expected direction. 

The finsl, corrected densities for Massachusetts seen to be in fair agreement with the 
New Mexico profile up to 75 km. For greater heights, however, the Massachusetts densitiea seem 
to be systaaatically higher. It would be highly suggeative to attribute this divergence to a 
latitude effect,    we hope that future observations will  throw more light on thia important | 
point. 
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